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Quartz capillary gas chromatography was used to ana-
lyze the wax ester fatty acids of 4 sebum samples col-
lected at 2-week intervals from each of 10 adult human 
subjects. Marked differences in wax ester fatty acid 
composition between subjects were apparent. The great-
est variation was present in the even-carbon-numbered 
iso-branched acids, which ranged from 1-22% of the 
monounsaturated acids and from 1-13% ofthe saturated 
acids. The anteiso chain structures formed 3-7.5% of 
the unsaturated acids and 3-13.5% of the saturated 
acids. Fatty acids bearing one or more methyl branches 
at other positions in the chain made up 12-22% of the 
saturated acids, but were not present in the unsaturated 
fatty acid fraction. This and other features of the com-
position of the unsaturated fatty acids indicate that the 
A6-desaturase that produces the monounsaturated fatty 
acids of human sebum requires a substrate having a 
straight chain of at least 12 carbon atoms extending 
from the carboxyl group. The differences in fatty acid 
composition between subjects and the constancy of com-
position for each of t he subjects over the 2-month period 
indicate that the synthesis of each of the types of chain 
structure is under genetic control. 
Fatty ac ids in ma mma lia n sebum have long been known to 
include compounds having bra nched chains and unusual posi-
tions of unsaturation [1-3). However, adequate analysis and 
structural determination of t he complex mixture of branched-
chain acids in human sebu m were achieved only re latively 
recently by Nicolaides and Apon [4). These investigators used 
capill ary gas chromatography and mass spectrometry of the 
saturated fatty ac id methyl esters, which had been separated 
from unsaturated fractions by chromatography on si lica gel/ 
s ilver ni t rate. They postulated that biosynthesis of the various 
cha in structures could be initiated with acetate, propionate, 
isobutyrate, isovalerate, or 2-methylbutyrate to produce, re-
spectively, t he straight-even, straight-odd, iso -even , iso-odd, 
a nd a nte iso-odd cha in structures when extended in chain length 
by t he conventional addition of 2-carbon units derived from 
ma lonyl -eoA. Other posit ions of methyl branching t hat were 
identified could be produced by substitution of methylmalonyl 
moieties for one or more of the malonyl units during chain 
extension , result ing in methyl branches on one or more even-
numbered carbon atoms of t he fatty acid chains. Nicolaides 
had speculated that s light variation in the composition of t he 
sebaceous fatty acid mixtures could provide each individua l 
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with his own characteristic odor [5]. H owever, the studies of 
Nicolaides appear to have been carried out with lip ids from one 
subject, so that no information on individua l variation was 
obta ined. 
In a recent study of the se bum fatty acid composition of a 
group of patients with severe acne, we found t hat t here were 
surpris ingly la rge individual di ffere nces in co mposition [6 ]. In 
t he present study we investigated a new group of normal 
subjects to co nfirm that the complex mixtures of sebum fatty 
acids do differ in composition between subjects and to deter-
mine a lso whether there is variation in com position for a nyone 
individua l over a period of weeks. To avoid nonsebaceous fatty 
acids , we analyzed on ly the fatty acids from t he wax esters 
which are produced exclusively by the sebaceous gla nds. 
METHODS 
Collection of Sebum Samples 
The subjects were 5 men and 5 women, aged 22 to 54 . They were 
asked to refrain from washing the ir hair for at least 1 day before each 
of 4 fortnight ly collections. Then, 400 ml of 95% ethanol was poured 
ove r t heir scalps and allowed to drip in to a basin. The extract was 
evaporated with a rotary evaporator and t he lipid residue was stored at 
-20·C until processed. 
Isolation 0/ the Wax Ester Fatty Acids 
Aliquots of the collected scalp lipids (50 mg) were applied to prepa-
rative thin- layer chromatography (TLC) plates (20 x 20 cm) that had 
been coated with a I-mm-thick layer of silica gel G and cleaned bl' 
develop ment with chloroform:methanol, 2:1. The chromatograms wer~ 
developed successively with hexane (to 19 em) and then with hex-
ane:toluene (1:1 , to 19 em). After drying, t he chromatograms wel'l' 
sprayed with 2' ,7' -dichlorofluorescein and viewed under UV light to 
locate the lipid bands. [n each case, t he band containing both wax 
esters and cholesteryl esters was scraped from the plate and t he lipids 
were recovered by elution with ether. The recovered monoesters were 
fractionated into wax esters and cholesteryl este rs by chromatography 
on a column of magnesium hydroxide, using high-performance liquid 
chromatography (HPLC) equipment and 2% ethyl ace tate in hexanp 
as t he eluting solvent [7]. The fraction containing the wax esters wa, 
evaporated, and t.he residue was saponified with 0.5 N KOH in metha· 
nol:benzene:water (95:50:5) overnight at 60· C. The liberated fatty acids 
were then converted directly to methyl esters by addition of 2 volumes 
of 10% BCI:. in methanol. After warming to 60· C for 45 min, 2 volume; 
of water was added, and the lipids were recovered in chloroform _ The 
result ing mixture of fatty acid methyl esters and fatty a lcohols was 
examined by analytical TLC to determine whether any cholesterol was 
present, which would have resulted from incomplete removal of the 
cholesteryl esters on the Mg(OHh column. After confirming that 
cholesterol was absent, t.he wax ester fatty acid methyl esters weI\' 
isolated by preparative TLC on silica gel G using toluene as developing 
solvent. The methyl ester band was scraped from the plate, and the 
esters were eluted with ether. 
Separation 0/ Saturated and Unsaturated Fatty Acid Methyl Esters 
The wax ester fatty acid methyl este rs were subjected to preparatiw 
thin -layer chromatography on silica gel H containing 10% silver nitrate. 
The chromatograms were developed with toluene and visualized with 
2',7' -dichlorofluorescein under UV light. The lipid bands correspond. 
ing to t he saturated and monounsaturated methyl esters were scraped 
off separately and elu ted with ether. The solvent was evaporated under 
nitrogen, and the residual methyl esters were redissolved in hexane at 
concentrations of 2 mg/ml of saturated esters and 1 mgj ml for the 
mononunsaturated esters. 
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Gas C hromatographic Analysis of the Fatty Acid Methyl Esters 
Gas chromatography was carried out on a 50-m vitreous quartz 
co lumn, 0.2 mm 10 , wa ll -coated with OVI0l methyl silicone (Scient ific 
Glass Engineering, Inc. , Austin, Texas), insta lled in a Varian 3700 gas 
chro matograph (Va rian Instruments, Pa lo Alto, Cali fornia). The 
methy l este r samples were introduced by probe injection [8], wh ich 
enab led a 3-/1 1 aliquot to be taken up and the solvent allowed to 
evaporate before injection. The injector was held at 300· C, and the 
split ratio was adjusted to allow ~% of the charge to pass onto the 
chromatographic column. The helium carner gas, at a pressure of 20 
Ibl in ' fl owed at 18 cml s through the column, which was maintained 
at 160o C. A 30-ml/ min postcolumn flow of helium makeup gas carried 
the e luants to a fl ame ionization detector. T he signal from the detector 
was a mplified to the maxi mum and passed to a Varian CDS III 
electronic integrator, which recorded chromatographic peak areas and 
retention t imes. 
Evaluation of Gas Chromatograms 
Peak ident ifications were based on retention t imes (RTs), from 
which equiva lent chain lengths (ECLs) were calculated and compared 
with t h e published va lues of Nicolaides and Apon [4]. The concept of 
ECLs is based on the observation that for a homologous series of fatty 
acid m ethyl este rs chromatographed at constant temperature, a plot of 
In RT versus the number of carbon atoms in the fa tty ac id chain forms 
a straight line [9J. The t raditional procedure is to plot such a line using 
the RTs and the number of carbons for the straight-chain components 
of a mixture. By findin g the point on the plot corresponding to the RT 
of a branched component, the coordinate givi ng the apparent number 
of carbons (the ECL) of the branched component can be obtained. A 
l5-carbon iso-branched chain, for example, behaves gas chromato-
graphically as if it had 14.63 ca rbon atoms. 
Because of the large number of fatty acid chai ns in sebum, the usual 
graphic determination of ECLs is tedious and is also insufficiently 
precise. The present study employed a Texas Instruments calculator, 
model 5SC, equipped with an applIed statistics so lId-state software 
module. The number of carbon atoms and the RT for each straight-
cha in fatty acid methyl ester were entered in to the calculator and a 
curve-fitting program titted the data to the equation ECL = b + m 
In RT, by calculating the best values for the constants band m. A 
correlation coefficient r for the best fit of the data to the line was 
calculated to check that the straight-chain peaks had been correctly 
identified and entered. The value of r was always 0.99997 or greater. 
The RTs for the branched components could then be entered and the 
co rresponding ECLs calculated. Since the chromatographic retention 
times ranged from 30 to 200 min and were reported by the in tegrator 
to 0.01 min, the ca lculated ECLs can be expected to be accurate to four 
sign ificant digits and, in fact, var ied among all the chromatograms by 
no mo re than 1 uni t in their fourth digit. Furt hermore, the in tegrator 
was capable of resolving and separately reporting the areas of peaks 
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FIG 1. Quartz capillary gas chromatograms of the saturated and 
monounsaturated fatty acid methyl esters from the sebum wax esters 
of subjects having low and high proportions of iso-branched, even-
carbo n fatty acids. A, Saturated acids, low iso (subject 9) . B, Saturated 
acids, high iso (suuject 8). C, Unsatu rated acids, low iso (subject 9) . D, 
Unsaturated acids, high iso (subject 8). 
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that differed by 2 units in the fourth digit of their ECL values. 
Nevertheless, it was apparent from the shapes of some of the peaks 
that not all the fatty acid methyl esters were resolved in these chro-
matograms (see Fig 1), and a small proportion of the minor peaks 
reported represent the sum of two or more components. 
RESULTS 
Quadrup licate gas chromatographic ana lyses of a single sam-
ple of sebum fatty acid methyl esters showed a precision of 
about ±5% fo r major components (10- 40%), ±1O% fo r t he 
components presen t at 1- 10% of t he mixture, and ±20% fo r 
minor components (0.1- 1 %). Similar precision is apparent in 
the sen es of ana lyses for the 4 successive fortnightly samples 
for eac h of t he 10 subjects, shown in Table I. Constituents with 
less than 14 ca rbon atoms a re not reported because t he short 
retention times of t hese minor components made re liable iden -
t ification less certain . In addition , any component t hat was 
consisten t ly presen t in less t han 0.1 % of t he total mixture was 
omitted from t he data. In Fig 2, t he ana lyses are summarized 
by combining t he amounts of each of t he basic types of cha in 
struc~ure t hat should be syn t hesized, respectively, by com-
mencm g with the primers acetate, p ropionate, isobutyrate, 
Isovalerate, or 2-methylbutyrate or by incorporation of a meth -
ylmalonyl uni t during chain extens ion. 
DISCUSSION 
T~e an~lyses in Table I show t hat eac h individual subject 
retamed hiS sebum fatty acid composition within narrow limits 
over th~ 2-month period of the study. It is thus unlike ly t hat 
fluctuatIOns occur as a result of changes in diet or metabolism. 
Ho~ev~r, ~ery la rge differences between subjects are seen 
w.hlch, I~ vI.ew of t he slight individua l va riance, a re statistically 
highly SIgnificant. Such differences a re most apparen t in the 
analyses for t he Iso-branched acids hav ing an even num ber of 
carbon ~toms, which showed a 10- to 20-fo ld range of concen-
trat IOn m both th~ saturated a nd t he unsatu rated fatty acids, 
as demonstrated m Figs 1 a nd 2. The odd-ca rbon iso- and 
anteiso-branched acids each showed about a th ree-fold varia -
t ion in th~ir conce~tra.tion amon~ the subjects, but again , t hese 
were statistically Significant mdividual differences and mi O'ht 
be sufficient for biological sign ificance as well. b 
The saturated fatty ac ids categorized as "other" in F ig 2 
include a ll t hose structures which would be formed by substi-
tut ion ~f one or ~ore ~ethy lmalo~yl for malonyl uni ts during 
fatty aCId syntheSIS. ThiS category mcluded a great many chain 
types, since methylmalonyl substitut ion apparent ly can occu r 
in chains initiated with any of the 5 primers used in human 
sebaceous glands [4J . Therefore, methylmalonyl incorporation 
accounts in large part for t he numerous saturated fatty acid 
types present in sebum. It a lso provides another source of 
individual variabi li ty, since t he total of such types is variable 
(12-22% in our subjects) . 
T he monounsaturated fatty acids do not contain chain struc-
tures with internal methyl branching, nor do t hey include C -
iso or Cwanteiso components. These observations have led ~IS 
to speculate t hat t he sebaceous fatty acid C16-desatu rase has a 
requirement t hat substrates have an unbranched chain of at 
least 12car.bon ~toms extending from t he ca rboxy l group. Such 
speCIfiCity IS qUIte unlike t hat determined for the ubiqui tous 
C19-desaturases, wh ich will tolerate a methyl substituent in t he 
2-,3-, or 4-posit ion of the substrate fatty acid chain [10]. 
The sebum fatty acid composit ions t hat have been deter-
mined in t he present study not only appear to be invariant for 
each subject, but would seem also to be sufficiently different to 
be .the basis for olfacto ry recognition of individuals, at least by 
anlmals .that have an acute sense of smell. It is well recogn ized 
t hat tram ed dogs not only can identify an individua l but can 
fo llow his scent over open ground many hou rs after his passage 
[11 ]. It seems pOSSIble t hat what is sensed is the fatty acid 
composition of t he lipids ad herin g to exfoliated corneocytes, 
which a re s howered cont inuous ly upon t he environment [12]. 
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TABLE 1. Average individual compositions of the wax ester fatty acids of 4 sebum samples from each of 10 adult human subjects collected at 2-week intervals." 
Peak Subject: 2 3 5 6 7 8 9 10 CJ Ee L' ::e C'1 
Saturated fatty acids C'1 Z 
1 13.63 2.21 ± 0.21 0.55 ± 0.04 1.92 ± 0.35 8.Dl ± 1.04 2.66 ± 0.49 1.75 ± 0.34 2.29 ± 0.29 0.41 ± 0.11 7.25 ± 1.17 0.44 ± 0.05 
2 14.00 14.69 ± 1.02 14.70 ± 0.82 14.48 ± 1.88 11.57 ± 0.84 13.86 ± 2.04 14.41 ± 1.91 17.48 ± 1.03 14.52 ± 1.44 11.60 ± 0.99 14.20 ± 2.11 
UJ 
'"' 3 14.06 0.57 ± 0.04 0.30 ± 0.05 0.74 ± 0.06 2.81 ± 0.22 0.87 ± 0.11 0.71 ± 0.09 0.65 ± 0.12 0.20 ± 0. 10 1.95 ± 0.24 0.27 ± 0.05 C'1 
4 14.14 0.34 ± 0. 15 0.10 ± 0.01 0.34 ± 0.05 1.35 ± 0.12 0.44 ± 0.13 0.30 ± 0.Q4 0.27 ± 0.03 1.12 ± 0.08 0.10 ± 0.04 :;: :> 
5 14.44 1.41 ± 0.15 2.59 ± 0.05 2.24 ± 0.16 2.20 ± 0.16 1.98 ± 0.10 2.71 ± 0.16 2.29 ± 0.12 2.28 ± 0.19 1.85 ± 0.19 2.79 ± 0.22 ::e 
6 14.50 1.83 ± 0.07 3.79 ± 0.12 2.87 ± 0.20 2.97 ± 0.19 2.73 ± 0.1 5 3.83 ± 0.17 2.97 ± 0. 12 3.48 ± 0.25 3.04 ± 0.18 3.61 ± 0.17 .'"' 
7 14.63 0.53 ± 0.06 0.72 ± 0.04 0.87 ± 0.25 1.16 ± 0.16 0.67 ± 0.06 1.27 ± 0.08 1.42 ± 0.07 1.58 ± 0.25 1.56 ± 0.04 0.73 ± 0.06 :> 
8 14.72 2.63 ± 0.07 7.89 ± 0.61 6.86 ± 0.76 11.48 ± 1.08 6.34 ± 0.57 7.44 ± 0.16 6.51 ± 0.38 7.30 ± 0.47 9.02 ± 0.44 7.30 ± 0.83 z 
9 15.00 12.39 ± 0.26 12.13 ± 0.60 10.17 ± 0.26 8.59 ± 0.32 9.98 ± 0.25 11.02 ± 0.47 9.77 ± 0.70 11.02 ± 0.58 9.15 ± 0.22 12.04 ± 0.29 
0 
10 15.14 0.19 ± 0.04 0.96 ± 0. 13 0.76 ± 0. 15 1.10 ± 0.12 0.55 ± 0.09 0.97 ± 0.14 0.62 ± 0.07 0.84 ± 0.06 0.86 ± 0.04 1.00 ± 0.12 0 0 
11 15.21 0.19 ± 0.Dl 0.90 ± 0.16 0.62 ± 0.17 1.04 ± 0.08 0.51 ± 0.08 0.78 ± 0.09 0.44 ± 0.05 0.70 ± 0.05 0.81 ± 0. 13 0.89 ± 0.08 :;: 
12 15.43 0.46 ± 0.03 0.94 ± 0.11 0.57 ± 0.09 0.72 ± 0.17 0.61 ± 0.04 0.81 ± 0.10 0.43 ± 0.03 0.73 ± 0. 19 0.50 ± 0.05 0.90 ± 0.05 z 
13 15.50 0.94 ± 0.10 2.13 ± 0.30 1.11 ± 0.27 1.26 ± 0.08 1.25 ± 0.20 1.70 ± 0.19 0.84 ± O.ll 1.64 ± 0.29 1.28 ± 0.10 1.79 ± 0.07 Z 
14 15.59 0.67 ± 0.08 1.57 ± 0.30 0.84 ± 0.23 1.12 ± 0.11 0.89 ± 0.12 1.26 ± 0.13 0.67 ± 0.03 1.16 ± 0.27 0.90 ± 0.06 1.39 ± 0.11 CJ 
15 15.63 2.54 ± 0.07 0.60 ± 0.12 1.93 ± 0.16 4.89 ± 0.51 2.70 ± 0.15 1.42 ± 0.04 1.71 ± 0.08 0.59 ± 0.15 3.90 ± 0.1 4 0.56 ± 0.16 
16 15.72 0.16 ± 0.07 0. 17 ± 0.06 0.23 ± 0.07 0.29 ± 0.13 0. 15 ± 0.03 0. 13 ± 0.08 0.18 ± 0.04 0.30 ± 0.07 0. 18 ± 0.06 0.23 ± 0.05 
17 16.00 43.86 ± 0.77 34.87 ± 1.94 38.99 ± 1.72 24.19 ± 1.56 37.60 ± 1.70 33.76 ± 0.70 38.12 ± 1.53 38.06 ± 1.20 28.58 ± 1.42 35.31 ± 2.29 
18 16.06 0.22 ± 0.04 0.22 ± 0.07 1.16 ± 0.16 0.35 ± 0.10 0.19 ± 0.07 0.16 ± 0.05 0.65 ± 0.05 
19 16.14 0.53 ± 0.12 0.17 ± 0.11 0.50 ± 0.02 1.91 ± 0.27 0.73 ± 0.12 0.62 ± 0.25 0.56 ± 0.18 1.62 ± 0.07 0.21 ± 0.11 
20 16.42 0.60 ± 0.09 0.79 ± 0. 14 0.74 ± 0.14 0.66 ± 0. 13 0.69 ± 0.13 0.81 ± 0.18 0.64 ± 0. 11 0.90 ± 0.24 0.75 ± 0.09 0.86 ± 0.16 
21 16.45 0.57 ± 0. 10 0.51 ± 0.12 0.52 ± 0.09 0.32 ± 0.1 3 0.50 ± 0.11 0.42 ± 0.08 0.36 ± 0.05 0.73 ± 0.26 0.52 ± 0.02 0.59 ± 0.10 
22 16.50 1.42 ± 0.12 2.88 ± 0. 19 1.86 ± 0.14 1.80 ± 0. 17 2.07 ± 0.21 2.61 ± 0.24 1.77 ± 0.16 2.71 ± 0.26 2.28 ± 0.08 2.60 ± 0.22 
23 16.52 1.73 ± 0.06 2.86 ± 0.09 2.22 ± 0.15 1.99 ± 0.15 2.22 ± 0.18 2.37 ± 0.26 1.94 ± 0.13 2.72 ± 0.45 2. 15 ± 0.19 2.80 ± 0.10 
24 16.63 0.10 ± 0.05 0. 13 ± 0.02 0.17 ± 0.03 
25 16.72 0.60 ± 0.09 1.20 ± 0.06 1.21 ± 0.14 1.73 ± 0.23 1.23 ± 0.14 1.23 ± 0.14 1.07 ± 0.07 1.13 ± 0.08 1.33 ± 0.11 1.22 ± 0.06 
26 17.00 3.24 ± 0.27 3. 15 ± 0.18 2.45 ± 0. 19 2.02 ± 0.16 2.76 ± 0.26 2.80 ± 0.25 2.18 ± 0.18 2.36 ± 0.30 2.4 1 ± 0.30 2.87 ± 0.18 
27 17.14 0.11 ± 0.10 0. 10 ± 0.06 
28 17.20 0.12 ± 0.06 0.55 ± 0.20 0.37 ± 0.06 0.67 ± 0.06 0.45 ± 0.13 0.57 ± 0.12 0.32 ± 0.04 0.53 ± 0.20 0.45 ± 0.04 0.74 ± 0. 18 
29 17.63 0.22 ± 0.02 0.3 1 ± 0.06 0.23 ± 0.06 0.32 ± 0.10 
30 18.00 5. 14 ± 0.44 4.02 ± 0.36 4.29 ± (\ 62 3.64 ± 1.27 4.92 ± 0.68 4.17 ± 0.50 4.53 ± 0.39 3.71 ± 0.54 3.97 ± 0.79 4.01 ± 0.45 
Totals: 100.00 101.04 99.92 100.96 99.94 100.27 100.32 99.60 100. 17 99.37 
Monounsaturated fatty ac ids 
1 14.00 7.33 ± 2.50 9.66 ± 0.72 7.98 ± 0.92 6.93 ± 0.37 7.70 ± 1.86 8.60 ± 0.69 8.46 ± 0.83 10.48 ± 1.72 6.49 ± 1.45 9.89 ± 1.15 
2 14.63 0.46 ± 0.07 0.83 ± 0.06 0.75 ± 0.07 1.06 ± 0. 13 0.72 ± 0.11 1.46 ± 0.20 1.34 ± 0.09 2.17 ± 0.23 1.79 ± 0.08 0.96 ± 0.20 
3 15.00 5.07 ± 0.78 6.98 ± 0.42 5.87 ± 0.24 5.52 ± 0.15 5.91 ± 0.57 8.15 ± 0.15 5.89 ± 0.22 7.29 ± 0.35 5.74 ± 0.76 7.56 ± 1.02 
4 15.63 7.98 ± 0.67 1.26 ± 0.13 6.29 ± 0.63 19.81 ± 0.46 9.01 ± 0.23 4.32 ± 0.35 5.82 ± 0.64 1.49 ± 0.06 18.31 ± 1.31 1.18 ± 0.09 
5 16.00 58.63 ± 1.72 59.34 ± 1.36 60.95 ± 0.86 45.01 ± 1.20 51.33 ± 0.34 57.23 ± 1.20 58.02 ± 0.80 59.85 ± 1.82 44.47 ± 1.39 57.56 ± 0.67 
6 16.63 0.09 ± 0.11 0. 10 ± 0.12 0.16 ± 0. 11 0.20 ± 0. 14 0.25 ± 0.04 0.32 ± 0.23 0.34 ± 0.23 0.48 ± 0.05 0.50 ± 0.05 0.52 ± 0.24 
7 16.71 2.9 ± 0.26 6.25 ± 0.29 5.67 ± 0.37 7.50 ± 0.23 6.52 ± 0.24 6.00 ± 0.55 5. 16 ± 0.29 6.54 ± 0.71 7.15 ± 0.66 7.43 ± 0.15 
8 17.00 4.35 ± 0.55 4.21 ± 0.89 4. 18 ± 0.46 3.84 ± 0.50 5.28 ± 0.52 5.38 ± 0.70 4.34 ± 0.52 3.88 ± 0.51 4.04 ± 0.54 4.97 ± 0.41 
9 17.63 0.55 ± 0. 19 2.01 ± 0.55 1.12 ± 0.10 0.33 ± 0.26 1.89 ± 0.16 
10 18.00 12.64 ± 2.46 11.22 ± 0.79 8.05 ± 0.83 7.82 ± 0.25 12.18 ± 1.50 8.39 ± 0. 13 10.28 ± 0.29 7.81 ± 0.21 10.06 ± 0.92 9.97 + 1.14 
Totals: 100.00 99.85 99.90 99.70 100.65 99.85 99.98 99.99 100.44 100.04 ~ 
Q The resul ts are expressed as wt% ± SD. 00 
b The fractional chain lengths correspond with the fo llowing structures: 0.00: straight chain, 0.63: iso branched chain, 0.72: anteiso branched chain. Other fractional cha in lengths refer ,VJ 
to structures with one or more met hyl branches in other positions in the chain, many of which have not been positively ident ified [4J. ~ 
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FIG 2. Percentages of straight·chain 
fatty ac ids with odd numbers of carbons 
and of various methyl-branched chain 
types in saturated and monounsaturated 
fatty acids from the skin-surface wax 
esters of 10 subjects sampled 4 times 
each at 2-week intervals. The chain 
lengths included are: 15 a nd 17 for 
straight odd; 14, 16, and 18 for saturated 
iso even; 16 and 18 for monounsaturated 
iso even; 15 and 17 for iso odd; 15 and 
17 for saturated anteiso; 17 for mono-
unsaturated anteiso; and peaks falling 
between 14 iso and 18 straight for 
"other." Values of the F statistic were 
calculated by one-way analysis of vari -
ance and show that, for all chain types, 
the variation between subjects was sig-
nificantly greater than t he variation 
within subjects. 
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Subject <# 
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Iso even 
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F Statistic * 
Saturated Monounsaturated 
49.5 13.8 
1 92.2 
28 .5 
56 . 7 
65.8 
531 .6 
45.7 
38 .8 
*For F> 4.4, P < 0.001 
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